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ByJimJ.Jones

An exploratoryinvestigationatMach

,’

number2.72hasbeenmadeto
showthedecreaseinthedragof a round-nosemodelachievedbymounting
a smallconeon a rodaheadofthenose. Thegeometricparameterswhich
werevsriedwerethecone-basedismeter,coneangle,andr&llength.On
onemodelthercdwasreplacedby twooff-axislegs.

Allmodelsshowedlsrgedecreasesindragcomparedtothatofthe
roundnosealone.

INTRODUCTION

Inmanyradome-@_peinstallationsbluffnoses,whichunfortunately
adverselyaffectthedragof otherwiseefficientaerodynamicshapes,are
required.Inorderto reducethedragof supersonicmissileswithsuch
blufforroundednoses,severalinstigationshavebeenconducted.
(See,forinstsnce,refs.1 to8.) Onepromisingmethod(refs.1 to6)
istomounta conesymmetricallyon a small-dismeterrodaheadofthe
nose. Thethoughtbehindthisconfiguration,frequentlyreferredto
SEa conicalwindshield,isthatthewskeoftheconewillexpandto
forma conicallyshapedregionof sepsratedflow,thusreplacingthe
strongdettihedshockwavewitha conicalshockwaveandtherebyreduce
thedxag. Experimentally,theactualoccurrenceof sucha flowpattern
isrelatedto a numberofvariablessuchasthelengthoftherod,the
conesize,andtheMachnumberandReynoldsnumber.Theresultsofone
ofthemostdetsiledandsystematicinvestigationsof flowsofthistype
arepresentedinreference4.

Ih1$1~2some13miteddataontheeffectsofvsrious‘conesonthe
dragof a round-nosebodyofrevolutionwereobtainedintheLangley
gasdynamicslaboratoryat a Machntier of2.72anda Reynoldsnumber
of 1.8x 106perinch.Thesetestswereof anexploratoqnature;the
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dataarenowbeingmadeavailablebecauseofrepeatedinterestshown
inthem.

SYMBOIS

CD

CDC

L

r

rn

x

a

.

totaldragcoefficientofmodelbasedonmaximumfrontalarea

wavedragcoefficientof conealonebasedonmsximumfrontal
area-ofmodel

lengthofrodfrombaseof coneto roundednose

radialcoordinateofbasicnose

radiusof sphericalnosepiece

axialcoordinateofbssicnose,measuredfrombase

apexangleofnosecone

APPARATUSANDTESTS

Thebasicnosemodelusedfortl& investigationwasan ogivewith
thetipreplacedby a spkical se-t tangenttotheogive(seefig.1).
Theogivebeforemodificationwasdesignedforminhumwavedragfor”a
finenessratioof4 accordingtothetheoryofreference9. Theradius
ofthemodelbasewas0.5inchandthersdiusofthesphericaltipwas
0.375inch.Thefinenessratioaftermodificationwas2.058. Theordi-
natesaregiveninfigure1.

Variousconeandrodconfigurationswereinstalledaheadofthe
basicmodel.Theseconfigurationssresketchedinfigure1 anddiscussed
inthefollowingsections.

Constantconediameter(models1 to4).-Fourconeshavinga base
dismeterof O.~0 inchweremountedona rod1.125incheslong.The
apexanglesoftheconeswere200,30°,400,and50-0(designatedmodels1,
2,3, and4, respectively).Theconelengthdecreasedwithincreasing
apexangle..-

Constantconele@h (models5 to7).- Threeconeshavinga cone
lengthof 0.536inchweremountedon a rod1.4-Qincheslong.Theapex

— — _.— —--——— —.— .—..— .
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snglesoftheconeswere30°,40°,and50°(designatiwdeh5, 6, and7,
respectively). Forthisseries,thebasediameteroftheconeincreased
withincreasingapexangle.

~
.-Onemodelwasconstructedwitha mall cone

angle200 andshortrodI-e&h (0.415inch)suchthattheconestiface,
if-etietied,wouldintersectthesphericaltipof
ditionwouldnotoccurforanyothermodel.

Bipedmount(mcdel9).- M&l 9 consistedof
thatofmcdel1 (u= 200)mountedontwooff-axis
whichseparatedtheconebasefromthemcd.elnose

the nose. Thiscon- -

a conei&nticalto
legs(bipedmount)
by 1.125inches.Such

a configurationwastriedbecauseitmightbe undesirable,in swne
installations,to“usea syzmnetticalrod.

Installation

Themodelsweremountedto a strsin-gagedragbalancewhichinturn
wasstingmountedinthetunnel.Theshieldoverthebalancehadthe
samedismeteraEthemodelbaseandapproachedtowithinl/32inchof
themcdel.Thebasepressurewasmessuredinthisgapby anorifice
andthispressurewasusedin correctingthedatatotheconditionof
zerobase-dragonthemodel.

Tests .

Allmodelsweretestedatzerosngleof attackata Machnumber
of 2.72snda Reynoldsnumberof 1.83x 106perinch.Thetestsection
ofthetunnelmeasured3 inchesby 5 inches.Forcomparisonpurposes
thebasicnose,withoutrod,wasalsotestedatthessmeconditions.

RESUIII?SANDDISCUSSION

Thedragcoefficientsobtainedforallmodelssre:

I Model. I 1 I 2

I I

IcD. . . . . . . .0.156.175

3 4 5 6 7 8 9 ;::c

.181_.196.370.194.240.236.188.550

.33 ● 357.673.353.437.430.342
L

.

1
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Thedragcoefficientsofmodels1 to4 andmodels5 to 7 areplotted
againstconeangleinfigures2(a)snd2(b),respectively.Figure3
is a shadowgraphoftheflowoverthebasicnose,showingthestrong
detachedshockwave.

Allrodconfigurationsresulted’in largedecreasesindragfrom
thebasicnose. Thelowestdragcoefficient,whichoccurredformodel1,
wasonly28percentofthatforthebasicnose.Model1,however,does
notnecessarilyrepresenttheoptimumforthesetestconditionsinasmuch
ssno specialattemptwasmadeto findsuchanoptinnun.Thesedrag “
reductionswouldof coursenotbe aslargepercentagewiseif consider-
ationwere.giventothetotaldragof a completemissile,withthe
accompanyingdragofthebase,controlsurfaces,increasedsldnfriction,
andSO forth.

Constant-cone-dismetermodel.- Thedragcoefficientsoftheconstant-
cone-diametermodels(models1 to4) areplottedinfigme 2(a)as a
functionof coneangle;correspondingshadowgraphsarepresentedin
figures4 to 7. Includedinfigure2(a)arethedragvaluesobtained
by subtractingtheconewavedragfromthetotaldrag.Fromthese
curves,itisevidentthatabouthalfthevariationsintotaldragof
thecone—basic-nosecombinationisdueto thevariationin wavedrag
ofthenosecone,theremainderbeingassociatedwiththeseparated
region.Itisinterestingtonoteintheshadowgraphs(figs.4 to 7)
thatthereisno discernibledifferenceintheslopeoftheseparated
regionboundaryortheshapeoftheshockwavenesrtheroundednose.

Constapt-cone-length model.- The’drsgcoefficientsoftheconstant-
cone-lengthmodels(models5 to 7) areplottedinfigure2(b)asa
functionof coneangle;correspondingshsdowgraphsme presentedin
figures8 to 10. As infigure2(a),thedragvaluesobtainedby sub-
tractingtheconewavedragfromthetotaldragareincluded.From
figure2(b)it canbe seenthatmodels6 and7 haveconsiderableless
dragthanmodel5,withthedifferencebetweenmodels6 and7 being
primsrilythewavedragofthenosecone.Thehighdragofmodel5
(thehighestdragof anyoftherodconfigurations)canbe attributed
(fig.8)totheexcessiverodlength(fora givennosecone)andhence
theflowreattachmenttotherod. Thisflowattachmentdefeatsthe
purposeofthecone.Forthisconfiguration(model5),thereis Uttle
interactionofthebluntbodyontheseparatedflowimmediatelybehind
thenosecone.Thetheoreticalpredictionofwhetherornotflow
reattachmentontherodwilloccurseemsaninsurmountabletaskinthat
itdependsontherodlength,conediameterandsngle,typeofboundary
layeronthecone,andsoforthforanygivenbluffbody. Itisinter-
estingtonotethatonmodel2,whichisessentiallymodel5 witha . .
shorterrod,theflowdoesnotreattachbutremainsfullyseparated.
Iftheflowweretoreattachonmodel2,thereattachmentpointonthe
rodwouldbe closertothebodyandtotheseparatedregionjustshead

u
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ofthebody. It isconcluded-thatitistheproximity
mentpointtothepointof separationandtheirmutual
preventsflowreattachmentonmdel 2.

5

ofthereattach-
interferencethat

Short-ralmcdel.-Theshort-rodmodel(model8) isan exampleof
a configurationinwhichtheconeangleisnotasgreatastheslopeof
themixingboundary(fig.U). Thepressureintheseparatedregionis
probablygreaterthanthatontheconesurface.Thishighback presswe
thereforefeedsup intotheboundarylayerontheconeandseparatesit
beforeitreachestherearofthecone.Thisseparationonthecone
surfacemaybe seeninfigureU. Thus,thisflowpatternisnotessen-
tiallydifferentfromthatforthespike-aloneconfigurationsofrefer-
ences7 w 8.

Biped-mountmodel.-Thebipd-mountmodel(model9),whichsupported
theconeontwooff-axislegs(shownin sideviewinfig.12),hada drag
coefficient20percenthigherthsmthatmeasuredformodel1. Thiswould
indicatethatreplacingthesxisllylocatedrodtitha nmber of off-axis
legsaddsmateriallytothedragcoefficient.

CONCLUDINGFURMRKS

A briefexploratoryinvestigationata Machnmnberof2.72indic-
ated thatsizablereductions.inthedragofa round-nosemodelmaybe
achievedbymountinga smallconeona rodaheadofthemodel.The
lowestdragconfigurationtestedhada dragcoefficientthatwaE28per-
centoftht fortheroundednosealone.

TWOgeneraltypesofflowpatternswereobserved.~ onetypethe
flowreattachedtotherodbehindtheconesmdthensepsratedagainfrom
therodaheadoftheroundnose. Thisflowpattern,whichresultedin
a highdragconfiguration,wasassociatedwithm excessiverodlength
forthegivenconesize.Forthesecondtypeofflowpattern,whichwas
observedforallconfigurationstestedexceptone,theflowdetachedat
theresrofthecone,rematiedse~at~ OVerthe~t~e rodl-by ad
reattachedneartherimoftheroundnose. Configurationswiththistype
offlowpatternshowedlargedragdecreases.

Iaz@eyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

~ey~eldj Vs.,April21,1955.
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Ordinates for
basic nose

x r x r
o 0.5001.300.424
.10.498 1.40.415
20 .495 I.50 .405
.30 .49I 1.60 .395
.40 .487 1.70 .386
.50 .482 1.80 .365
.60 .476 1.85 .343
.70 .469 1.90 .310
.80 .463 195 270
,90 .456 .200 202

1.00 .449 203 .194
1.10 .440 2.05 .175
1,20 .432 2058 0

r

Basic nose

T
Loo”

1
“25” Constant cone

diameter,
0.2;0”

J-_
models I to 4

I
‘=:4”7

0.125”
Constant cone
length,
models 5 to 7

p4’5+f)
t 4 Short rod,

0.250” 0.125” model 8
+

4 Bipod mount,
0250” model 9

4

Flat stock 0.065” thick

Figurel.-Sketchofmodelstested.
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(a)Comt~t-cone-dtieterseries.

Coneangle”,a, deg

(b)Constant-cone-lengthseries.

Figure2.- Drag coefficient plottedagainstconeangle.
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Figure3.- Shadow@aphofflow over basic nose.
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